The growth response was determined of young tomato plants subjected to wilting treatments of short duration. The experiments were conducted in pots in the glasshouse using Jondaryan loam, and the wilting treatments were at a "moderate" and a "severe" level. Even with the severe treatment, soil water did not fall below the permanent wilting percentage.
I. INTRODUCTION
The effects of water shortage on the growth and yield of plants have been the subject of much study, and the relevant literature has been reviewed by Veihmeyer and Hendrickson (1950) and by Richards and Wadleigh (1952) . The last two authors have drawn attention to the difficulties of imposing low water treatments which are objective in character. The best that can be achieved is to set lower and upper limits to the levels of soil water within any specified treatment. Most workers have imposed low water treatments that continued for a considerable part of the growing period, but in the data presented here the treatment consists of a relatively short period of wilting imposed hetween periods of normal moisture relationships. This was done in order to '" Irrigation Research Station, C.S.I.R.O., Griffith, N.S.W. RESPONSE OF TOMATO PLANT TO WATER SHORTAGE. I 197 obtain information that was free from the complicating effects of repeated water shortages and could thus be more readily interpreted. Petrie and Arthur (1943) included temporary low water supply in their treatments when considering the effects of varying water supply on the growth of tobacco. They found this treatment gave a significant increase in the final dry weights of their plants. Goodall (1945 Goodall ( , 1946 has considered the distribution of weight change in the young tomato plant when at the eight-leaf stage, that is, with the eighth leaf about 1 cm long. A similar stage of growth was chosen on this occasion for the beginning of the wilting treatments so that compariso~s with Goodall's work could be made where relevant. At this stage the eighth leaf had a mean length of 5 cm and a mean area of 10·2 sq. cm. and was sufficiently large to be separated into lamina and petiole.
II. EXPERIMENTAL

(a) General
The experiments were conducted in the glasshouse. Seeds of the tomato (Lycopersicon esculentum Mill. var. Pearson) were sown in containers holding 3· 2 kg oven-dry soil. Fruit cans without drainage were used as pots and were surrounded by paper jackets to protect the sides from direct insolation. Jondaryan loam (Taylor and Hooper 1938) , representative of the cultivated layer, was used and was crushed to pass a % in. mesh. It contained 180 p.p.m. phosphorus as dilute acid soluble P 205 by the method of Truog (1930), 12 p. p.m. ammonia nitrogen, and 52 p.p.m. nitrate nitrogen. The moisture content at field capacity (F.e.) was 22 per cent. as determined by sticky points, and at the permanent wilting percentage (P.W.P.) it was 11·1 per cent. as determined by the sunflower test of Veihmeyer and Hendrickson (1949, pp. 79-81) . A layer of quartz gravel 0·5 in. deep was spread on the sudace of the soil to reduce evaporation. Until treatments were begun, all pots were maintained at field capacity by frequent waterings to the required weight.
The water added to each pot was recorded from the time of commencing treatment until the final harvest. Temperature and humidity records were kept in the glasshouse, and records of hours of bright sunshine were taken from the meteorological data recorded nearby. The plants were thinned to one per pot and axillary shoots were removed as they appeared. Total leaf area was determined at various stages of growth, using the method of Williams (1954) . Treatments were allotted at random within size groups determined on the basis of leaf area estimations.
Two experiments were conducted, in different years, but at the same time of the year and in the same glasshouse. The second experiment was designed to amplify the findings of the first on a more rigidly controlled basis and to provide more material for chemical analyses. Replication was therefore greater and great care was taken to obtain maximum uniformity because of the effect leaf area has on water loss. A pure line seed was developed for this purpose from discarded plants of experiment 1. The plants were grown in separate portions of the same soil sample in each experiment, but nutrient additions differed in the two experiments, as shown below.
Treatments are represented diagrammatically in Figure 1 , where the changes in soil water for the two treatments are plotted against time for the two experiments. It was necessary to devise these two treatments in such a way that they began together and ended together, otherwise comparisons during the recovery period would be meaningless. The more moderately treated plants were re-watered on two occasions, on each of which the plants lost turgor in bright sunshine but readily revived in the shade. Plants receiving the severe treatment were re-watered only once, and at this time the average soil water had been reduced almost to the P.W.P. and the leaves were wilted all day (see Pla.te 1). The timing for this sequence was worked out in advance with a small pilot experiment. It is important to note that soil water was at no time below the P.W.P. Soil water levels at the end of the wilting period were determined by pot weighings, allowing for the fresh weights of the plants. The results were checked by direct determinations of soil water in pots whose plants were harvested at that time. In the second experiment, the plants were observed each morning at dawn. At this time plants of the severe treatment had regained turgor, except on the morning of the day when all plants were watered to F.C. The glasshouse was maintained at higher humidity throughout experiment 2 than in experiment 1 and the temperature was lower, so that loss of moisture was more gradual. The wilting period was therefore 2 days longer in experiment 2 than in experiment 1. Early on the morning of harvest, the soil was brought to field capacity, except when the plants were harvested in the wilted condition. The plants were taken to the laboratory before 9 a.m. The tops were removed at ground level and separated into the fractions enumerated below, the operations being performed on a block basis and extending throughout the day. Fresh weights were determined with negligible loss of moisture and the fractions were dried at 80°C. The roots were then washed free of soil by the method of Gates (1951 ) .
( b) Details of Experiments Experiment I.-Day 0: March 21, 1947; harvests: days 38, 42, 48, 49, 55, 61 ; fractions separated: cotyledons; lamina and petiole, separately, of each of the first eight leaves; laminae and petioles, as separate groups, of any remaining leaves; stem; roots. The inHorescences and any leaves too small to separate were placed in the stem fraction. The laminar fractions comprised the blades of the leaHets separated at their junction with the petiolules. The petiolar fractions thus include both the main axis and the petiolules. Total leaf area determinations: days 35, 38, 42, 49, 54, 61 . Nutrient applications: day 31,0'5 g KH2P04 and 1· 0 g (NH4 hS04 per pot. Replication: 8.
Experiment 2.-Day 0: March 25, 1949; harvests: days 36, 40, 48, 49, 56, 63. Removal to the laboratory and beginning of harvesting was delayed for 4 hr on day 49. Fractions separated: lamina and petiole, separately, of the second and of the sixth leaf; laminae and petioles, as separate groups,of remaining leaves below the fifth; laminae and petioles, as separate groups of remaining leaves above and including the fifth; stem; roots; and, on day 63, the inHorescences. The fractions were constituted in the same manner as the corresponding parts in experiment 1, except that the stem does not include the inHorescences at day 63. Total leaf area determinations: days 26, 32. Nutrient applications: days 30, 51, 58. Rates as for experiment 1. Replication: 14.
III. RESULTS
Treatments will be referred to in the following manner: Control (C): frequent watering to field capacity; WM: brief period of moderate wilting; WS: brief period of severe wilting. Treatment effects of wilting will be seen to have occurred both during and following the actual water shortage, and will therefore be referred to as effects during and after wilting. The dry weight curves for the whole plant are sho""n in Figure 1 and the numerical values are given in Table 1 . The soil moisture trends are shown below the respective curves. The data for experiment 1 are improved estimates of experimentally determined values, but the data for experiment 2 are experimental means. This difference in procedure was necessitated by a difference in the range of plant size between the two experiments. The mean leaf area for both experiments just before harvest 1 was approximately 250 sq. cm., but the standard error for experiment 1 was 41· 92 whereas it was only 14·38 for experiment 2. In view of this greater plant size variability in experiment 1, the procedure outlined by :\JcIntyre and Williams (1949, p. 343) for gaining improved estimates of dry weight was adopted. In this case, the weights were referred back to the general mean of the pretreatment ratings, and the rating values were regarded as fixed for repeated sampling. The curves for whole plant dry weight show a marked similarity in the two experiments, except that the plants of experiment 2 are bigger at comparable ages than are those of experiment 1. The periods of water deficiency between harvests 2 and 3 in both experiments, markedly retarded the growth of the plants, even though soil moisture did not drop below the permanent wilting percentage in \VS, and, for most of the time, was well above this point in WM. Plate 1 shows the degree to which treatment affected the appearance of the plants at harvest 3, just before watering to field capacity. The dry weight curves show that the check to growth due to WM was about half that due to WS, although the nature of the treatments would not lead one to expect such a large effect with WM. In experiment 2, the dry weight curves for interval 3-4 are steeper than might have been expected, and this may have been contri-buted to by the 4-hr delay in taking harvest 4. The general trends of the dry weight curves are -very similar after harvest 4 and there is little evidence that the additional nutrients supplied in experinie~t 2 have influenced the treatment relations.
. : . (ii) Dry Weights of Principal Parts Dry weight.9-ilta for laminae, petioles, stem, and roots are shown in Figure   2 for experiment t and in Table 1 for both experiments. That the rate of stem growth should appear to increase rapidly with time is due largely to the inclusion of the inflorescences with this fraction. Wilting retarded development in each part of the plant, but the severity of the effect during wilting was greater in the laminae than in the stem. This differential effect of treatment was most pronounced in WM, in which the eff~ct on stem weight was very small. Upon recovery from wilting the curves have different trends. The lamina weights tend to converge, but the curves for the remaining parts,especially the stem, do not. The stem curves for all treatments diverge considerably during the interval 4-5, and continue to do so during the interval 5-6 for WS. The data for experiment 2 suggest that the effect of vVS on stem development may be due in part to a delayed development of the inflorescence, for WS depressed inflorescence weight relatively more than that of stem minus inflorescence at the final harvest.
DAYS FROM SOWING
The parallel trends of the whole plant dry weight curves are seen to be a composite of changing relationships between the various principal fractions in response to treatment and, indeed, the weight ratios of plant parts show this to be so. Figure 3 shows trends in the weight ratios of the plant parts for both experiments, and these provide indices of distribution of dry matter between these parts. At the beginning of the experiments more than half of the dry matter of the plant is found in the leaf laminae, but the lamina weight ratio falls steeply with time, and this is balanced by a rise in the stem weight ratio. This rise is accentuated by the inclusion of the inflorescence in that fraction, as can be seen from the graph for experiment 2 where A signifies stem minus inflorescence. The root weight ratio tends to fall slightly and the petiole weight ratio first increases and then decreases slightly during the experimental period.
(b) Weight Ratios of Plant Parts
Effects of treatment on the lamina and stem weight ratios are statistically significant. During wilting, the lamina weight ratio decreases and the stem weight ratio increases, but upon returning to field capacity again this trend is reversed, and the lamina weight ratio increases relative to the control, whilst that for the stem decreases. The tendency is apparent in both experiments, but significance is more easily established in experiment 2 by reason of its greater precision. WM weight ratios exhibit the same trend as those for 'VS, but they depart significantly from the control only at harvest 3. The inclusion of the inflorescences with the stem tends to modify the stem pattern, for, in experiment 2, stem minus inflorescence in WM is below and not above the control at harvest 6.
( c) Growth Analysis Figure 4 shows the curves for the relative growth rate R, net assimilation rate on a lamina dry weight basis E,c, and net assimilation rate on a lamina protein nitrogen" basis Epo In order to simplify comparisons of trends between the three sets of curves, the scales for Ew and Ep data have been adjusted so that the means of the control values for each, in the two experiments, are equal to the comparable mean scale for R. This does not do violence to the data, as the controls have a similar drift with time and the ratios between them are similar for the two experiments. Harvest 3 has been ignored for the purpose of the growth analysis. Net assimilation rates on an area basis are similar to EU' values, so are not presented. " The data for lamina protein nitrogen will be presented in a later paper.
( i) Relative Growth Rate, R During wilting the relative growth rates are considerably and significantly reduced, as is to be expected from the effect of wilting on dry weight. Even the moderately wilted plants are affected in this manner in both experiments. Soon after the wilting period, R is restored to a level not differing significantly from that of the control. However, during interval 5-6, the R values rise significantly above the control. The significance attained is P < 0·001 for WS v.
control, and P < 0·01 for WM v. control in experiment 2, whilst for corresponding comparisons in experiment 1, P = 0·06 and P < 0 . 05. These treatment relations are essentially the same in the two experiments for interval 5-6, even though additional nutrient was given in experiment 2. show essentially similar trends in response to wilting in that a marked fall in net assimilation rate during the water shortage is followed by a trend to higher values than those for control at a relatively short time after re-watering. ' "
' " The curves for Ep are very similar to those for E u" though the general trends are slightly different. This difference is due to the normal tendency for lamina protein contents to fall with time. There are small but real differences in treatment effect on Ep after wilting compared with those on En" These are most marked in experiment 1, and are caused by effects of treatment on lamina protein contents.
The fact, already mentioned, that harvest 4 had to be delayed 4 hr, would have an appreciable effect on the time trends in R, E"" and Ep for experiment 2, but would not affect the treatment comparisons.
( d) Plant Water
The absolute water contents of the plant tops and of the laminae, petioles, and stem are presented in Table 2 . The water contents per cent. dry weight for these parts are shown graphically in Figure 5 , for both experiments.
As is to be expected, the absolute and relative water contents of the parts of the wilted plants were markedly less than those of the control. In both experiments, and especially in the second, the tops of the WS plants had less water in them at the conclusion of the wilting (harvest 3) than at the beginning (harvest 2), even though they had increased in dry weight during this period. This tendency towards a net loss of water during the wilting period was greatest in the laminae. With WM there was a net gain in the absolute water content of the tops during wilting, but the relative water contents of the parts fell significantly below those of the control. Comparisons of treatment effect on the relative water contents of the plant parts when wilted are difficult because different parts of the plant have very different relative water contents. It is perhaps helpful to express the effects at harvest 3 as percentages of the control values in each plant part: The drying of the tissues during wilting is to a similar extent in the two experiments, and the depression relative to control is least in the laminae and greatest in the stem. This implies that the laminae of the wilted plants were relatively more succulent than the stems, and this occurs in spite of the tendency noted above towards a greater net loss of water from the laminae. As might be expected, upon returning to field capacity at the conclusion of wilting, there is a rapid uptake of water. Thereafter, the absolute water content of the wilted plants does not overtake that of the control plants, but the values converge for the laminae and the petioles in both experiments and diverge slightly in the stem. The response to WM is intermediate to that for WS and the control, and all comparisons are highly significant in both experiments.
After the wilting period, the curves for relative water content in the laminae, petioles, and stem cross over to positions which have an inverse relationship to their trend during wilting. Whereas WS causes the more severe depression during wilting, upon recovery it gives rise to plants with a higher relative water content than those of WM. Differences for all parts are significant at harvest 6, except the comparison WM v. control in experiment 1 for stem and for laminae.
The levels of significance are high at harvest 5. Not all differences are signifi-cant at harvest 4, but controls are above WM and WS in experiment 1 for petioles and stems. The change in relative water content upon re-watering appears to occur earlier in experiment 2 than in experiment 1. This may have been due to more favourable conditions for recovery after re-watering in experiment 2, and to the delay of 4 hr in commencing harvest 4 in this experiment. The relative water content values for experiment 1 suggest that recovery was most rapid for the laminae and least rapid for the stem. 
(e) Water Usage
Transpiration data are presented for both experiments in Table 3 as the efficiency of transpiration and the transpiration rate per unit lamina dry weight and per unit leaf area.
Both WM and WS cause a marked increase in values for efficiency of transpiration for interval 2-3, but the severity of wilting has little effect on the values. Upon recovery from wilting the efficiency of transpiration does not differ significantly between treatments.
Transpiration rate per unit dry weight of lamina is similar in trend for the two experiments, although much more water was transpired in experiment 1 than in experiment 2, no doubt because of the higher humidity and the lower temperature in experiment 2. There is a highly significant depression in the rate during wilting, the values being about 65 per cent. of control for WM and 45 per cent. for WS in both experiments. Upon returning to field capacity, the transpiration rates are approximately the same for both experiments, although the values are slightly higher for the wilting treatments than for control, and even attain a significant difference at one stage in each experiment.
Leaf areas are only available throughcut growth for experiment 1, and therefore transpiration rate on an area basis can be determined only for that experiment, but, as the values closely parallel those on a weight basis, it may be inferred that the trends would be the same in the second experiment. The depression due to wilting is highly significant and of a similar order to that on a weight basis, and transpiration rate upcn recovery is similar to control, althcugh apparently slightly higher.
IV. DISCUSSION
Every effort was made in designing th3 experiments to ensure th3.t a high plane of nutrition would be maintained and that treatment would not be confounded with nutrient status. The soil chosen had a high available phosphorus and nitrogen content and the nutrient addition before the first harvest was at a high rate in each experiment. To be doubly sure that the treatment effects observed in experiment 1 were not contributed to by nutrient shortage, the additicnal dressings of phosphorus and nitrogen were made on two occasions after wilting in experiment 2. However, the plants of the two experiments show a remarkably similar pattern of response to the wilting treatments. It is apparent, therefore, that experiment 1 was not short of nutrient and that the effects may reasonably be attributed to the water treatments.
(a) Ontogenetic Drifts and Moisture Stress
The work of Goodall (1945 Goodall ( , 1946 gives a basis for comparison with the results of the work reported here, because of the fact that a similar eight-leaf stage of development was chosen for imposing the wilting treatments. Goodall studied assimilation, respiration, and translocation by following during 24 hI' the dry weight changes both in the intact plant and in the separated organs. The values noted here for relative growth rates, net assimilation rates, and leaf weight ratios are comparable to Goodall's values for the spring or autumn, but are not as high as his summer values nor as low as those for winter. Goodall found that translocation normally proceeded from the lewer leaves to th3 upper leaves, the stem, and the root. Using his estimates for summer and winter, it may be deduced that the dry matter translocated to the stem and the root would be partitioned in nearly equal proportions for spring or autumn grown plants. Goodall also found that dry weight increase in the stem corresponds to the amount of dry matter translocated to it, assimilation and respiration being approximately equal.
In the present experiments, it has been observed that the dry weight of the whole plant at the final harvest was depressed by the water shortage. This net response was the resultant of two differing trends, that during and that subsequent to wilting, but there was no indication that the second trend was complete at the final harvest. During wilting, the relative growth rates and the net assimilation rates were markedly depressed, but in the first harvest interval after wilting values did not differ from control, whilst in the next, and final, harvest interval the values for the wilted plants were significantly greater than those for control. The response of WM plants was intermediate to that of control and WS. The difference in response before and after wilting is also apparent from the trends in the weight ratios of laminae and stem. During wilting, stem weight ratio increased and lamina weight ratio decreased; subsequent to wilting the relationship was the reverse of this. Petrie and Arthur (1943) obtained an insignificant depression in dry weight during the water shortage and a higher growth rate considerably after rewatering in their early temporary drought treatment. However, this treatment is not strictly comparable with the present wilting experiments because it represents a reduction of water levels from well above moisture equivalent to slightly below moisture equivalent, and certainly to a point quite high in the available range. Their late temporary drought is more comparable to the present treatments, for soil moisture· was then reduced below the permanent wilting percentage. This treatment was applied at a much later stage of growth, but drought caused a significant depression in dry weight followed by a higher growth rate subsequent to re-watering.
The work reported here shows that all plant parts increased in dry matter content during the interval of wilting, so that no one part can be said to have developed to the entire suppression of another. Translocation between parts, however, did occur. The relative growth rates for laminae and stem during that interval are as follows (in g/lOO g/day): (Goodall 1946) ; indeed it is probable that the stem would assimilate less dry matter during wilting than it used in respiration. Translocation from the laminae to the stem must therefore have been enhanced in the wilted plants when compared with the controls. The effect of treatment on weight ratios during wilting expresses these facts in another way and these effects were established with significance. The changed relationship between lamina and stem weight ratios upon rewatering does not necessarily imply that translocation back to the laminae from the stem occurred, but could be interpreted that the dry matter assimilated by the laminae was retained by them in greater proportion upon re-watering. Although data for relative growth rates of plant parts are not presented, R values for laminae rose above control before those of the stem, especially in experiment 1, and this is an indication of enhanced development of the laminae. The effects of treatment on dry weight accumulation in the whole plant and its parts, as expressed in growth rates, weight ratios, and translocation between parts may be interpreted as a tendency towards senescence during wilting and a return to a more juvenile condition upon re-watering, for with advancing age, jn the normal plant, it is usual for growth rates to fall, stem weight ratios to rise, and lamina weight ratios to fall. Morton and Watson (1948) found for 1eaf development in sugar beet that transition from high to low water regime 11astened the appearance of senescence, whilst the reverse transition delayed it. They also found a very considerable increase in· the net assimilation rate of plants receiving high levels of nitrogen when changed from low to high water supply.
The assumption has too often been made that plant growth is unaffected by soil moisture stress until the permanent wilting percentage is attained. It has already been emphasised that the soil water in these experiments was at no time below the permanent wilting percentage; indeed, soil water in WM was well above permanent wilting percentage for most of the period during which water was withheld. Even in the latter treatment, however, there was a highly significant depression in growth, and it is surprising that the depression was so great as to be half that of WS, especially when it be remembered that the plants were re-watered during this period. Consideration of this fact suggests that the depression of growth developed gradually in both WM and WS and could have commenced at a point high in the available range of water supply. For if the effect developed suddenly towards the lower soil moisture levels of WM, then the growth depression in the case of WS should be many times greater than was found for WM. In this connection, reference may be made to the findings Of Wadleigh and Gauch (1948) concerning the rate of leaf elongation in cotton as affected by the intensity of the total soil moisture stress. They found that low moisture stresses of from one to three atmospheres were without observable effect on leaf elongation, but at higher values of stress elongation was progressively reduced. They derived values close to 15 atm, . or the permanent wilting percentage, for the cessation of leaf growth.
It has been inferred from the present study that soil moisture can be limiting to plant growth at a point relatively high in the available range. The actual impairment of growth, however, is the result of a fall in the levels of tissue moisture, and these are affected by both soil moisture and atmospheric humidity. . In these experiments and especially in the second, humidity was maintained at high levels in order that tissue water might fluctuate as nearly as possible in response to soil treatment alone. Marked changes in water content did occur in response to treatment, as is obvious from the data, but no precise inferences concerning their nature at particular stages of wilting are possible; The particular value of obtaining such information is apparent from references in the literature. Several workers have found water levels in the 1eaves of various species to be important for active carbon assimilation. Dastur ( 1925) found a linear relationship between leaf water content and assimilation of carbon dioxide, Dastur and Desai (1933) found that carbon dioxide assimilation by leaves was related more to water content than to chlorophyll content, Melville (1937) fonnd that gain in dry weight in seedling tomatoes increased as water content increased, and Goodall (1946) found that carbon assimilation was much less in wilted tomato leaves than in turgid ones.
Tissue water levels have also been suggested as an important factor in the active functioning of the cell and in protein synthesis. This is not only important during wilting but also during the recovery period. P2trie (1943) has summarized certain aspects of this relation and has claimed that it is certainly possible, although not definitely certain, that water content affect3 the velocity constants of synthesis and hydrolysis of protein. Robinwn and Brown (1952) found a close connection between the growth, protein content, and enzyme activities of individual cells of the root tip of the broad bean. They assessed growth of the cells in terms of the water content, which was taken as a measure of volume. They found that enzyme activity changed intimately with the level of protein, but that this activity was not being determined simply by the level of protein. They claimed that their data suggested that protein may have had an indirect effect on growth through the determination of the level of enzyme activity. Robinson and Brown do not suggest that water content was a determinant of these effects, but their effects on growth were actually effects on water content so that water content as such may be relevant to the results obtained. It has been suggested by Barer, Ross, and Tkaczyk (1953) that many types of cellular activity are accompanied by an increase in water content of cells or of porticns of cells in a number of organisms.
As water content appears to be closely related to active carbon assimilation in the leaves, to the synthesis of protein, and to active metabolism in the cell, it would seem to be of the utmost importance to determine just what tissue water levels are required to maintain these processes at optimal rates.
( b ) Water Usage .
The values for rates of transpiration per unit of leaf tissue show marked treatment differences during wilting. These values are means of values that were initially high and equal for all treatments, but were later low and dissimilar for treatments; for example, 85 per cent. of the water transpired by WS had been lost when WM was re-watered for the first time. There were thus very different transpiration patterns for the two wilting treatments. The ratio of dry matter produced to water used was virtually the same for WM and VVS during wilting, which means that the major contribution to such a result must have been derived from similar parts of the drying curve. This would be from the early stages of wilting. This is further evidence that active dry matter production occurred only when transpiration was active and leaf water contents were high.
The high values for efficiency of transpiration during wilting may arise from diurnal fluctuations in turgidity, and therefore in all probability of growth, during the progress of the wilting treatments. Full turgidity during wilting could be expected only in the early morning, when transpiration would be low. Conditions might then be favourable for active carbon assimilation, but not later in the day. However, sufficient has been said to show that the characteristics of growth under water shortage are different from those under full water supply and it must be remembered that the increment in dry weight is slight. The apparently greater efficiency would appear to be of doubtful value. Kramer (1950) claimed that, after re-watering sunflower and tomato plants following a period of water shortage, the transpiration rates were considerably reduced. After 4 days they were 70 or 80 per cent. of the normal. Unfortun-' ately, differences in leaf area or leaf weight developing between wilted plants and controls during treatment were not mentioned, so that it is difficult to know whether rates per unit area or per unit weight were significantly affected or not. In the data now presented, plants of the wilted series transpired much less total water upon re-watering, but the effect was due to a retarded development of leaf tissue. Transpiration per unit lamina area and dry weight for the wilted plants were either the same as or higher than the controls. The data more nearly parallel Kramer's results with detopped tomato plants connected to the vacuum pump, where water flow under suction rose above controls within 4 days. Loustalot (1945) found for pecans, and Schneider and Childers (1941) for apples, that the rates of transpiration of selected leaves reached normal several days after re-watering from the wilted condition, and values then rose slightly above normal. Their observations were made daily and on an area basis. The temporary reduction of transpiration rate that. was observed for these individual leaves may well have been compensated for by younger leaves on the plant, but at best it had only a transient influence on the water economy of the plant after re-watering. In the data now presented, values of transpiration on a unit leaf basis appear to have almost immediately returned to normal or slightly above. It can be concluded that the period of wilting did not effect any economy in subsequent water usage per unit of leaf weight or leaf area. This is contrary to the commonly held view that wilting plants "trains" them to economize in their use of water.
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